spectrophotometer between 250 and 800 nm in a 1-cm quartz cuvette using Milli-Q water 4 as the blank. 5 PARAFAC statistically enables characterization and identification of individual 6 fluorescent groups in the EEMs (Stedmon et al., 2003) . The approach of PARAFAC 7 modeling to EEMs has been described in detail elsewhere (Stedmon et al., 2003 ; Ohno and 8
Bro, 2006). The PARAFAC modeling was conducted in MATLAB (Mathworks, Natick, 9 MA) with the DOMFluor toolbox (Stedmon and Bro, 2008) . The wavelength range used for 10 this purpose was 260-455 nm and 290-500 nm for excitation and emission, respectively. 11
The validation of the PARAFAC model was conducted according to Stedmon and Bro 12 (2008) . 
established. 2
Principal component analysis using relative abundance (%) of PARAFAC components 3 was conducted using KyPlot (v2.0, KyensLab Inc., Japan). Differences in DOM 4 characteristics among zones were assessed by non-parametric Mann-Whitney U test 5 (KyPlot, v2.0, KyensLab Inc., Japan). 6 7 4. Results and discussion 8
Water quality parameters 9
Figure 2 shows the spatial distributions of water quality parameters for the six zones in 10 the Florida Keys for the sample set discussed herein. Salinity ranged from 35.7 to 37.6 (Fig.  11 2a). Lowest salinity was found at BAY and the northern part of REEF where higher 12 temperature values were evident (Fig. 2b) . The highest salinity values were evident in the 13 northern part of BACK and MARQ. The hypersalinity present in this area during this 14 sampling event was most probably due to advection of hypersaline surface waters from the 15 southwest Florida Shelf into the Florida Keys (Fig. 2a) as a result of low freshwater input 16 from the Everglades (Boyer & Briceño, 2009). The marked difference in water temperature 17 also supports this inference (Fig. 2b) . Thus, freshwater contributions could not be 18 determined during the study period solely based on salinity distributions. 19 NO x , NH 4 + , and SRP concentrations were higher at TORT and MARQ compared to the 20 other zones (Fig. 2c-e) . The highest levels of these nutrients are usually reported for the 21 BACK zone due to the influence of benthic flux contributions (Boyer and Briceño, 2010). 22
The unusual distribution patterns of these inorganic nutrients suggest anomalous conditions 23 in the TORT and MARQ regions probably from advection of waters from the Gulf of 1
Mexico. In addition, levels of NO x and NH 4 + were relatively higher at northern part of the 2 INSHORE compared to the adjacent REEF (Fig. 2c, d) , suggesting anthropogenic inputs of 3 inorganic nitrogen at the northern part of INSHORE (Boyer and Briceño, 2010). 4
Interestingly, the distribution patterns of SiO 2 were largely independent from other 5 inorganic nutrients as the highest level of SiO 2 is found at BAY (Fig. 2f) . This is in 6 agreement with data from over 15 years of monitoring efforts, as Boyer and Briceño (2010) 7 reported the same general distribution pattern of SiO 2 and suggested that terrestrial SiO 2 8 from the Everglades or the Florida Shelf reaches the BAY region through water moving 9 southward from the southwest Florida Shelf and/or from Florida Bay. 10 Levels of Chla were less than 0.5 µg L -1 at most sites (>0.5 µg L -1 at only 9 sites) and 11 did not show any spatial trend (Fig. 2g) . TOC concentration was highest at BAY and its 12 distribution was similar to that of SiO 2 (Fig. 2h) , implying that substantial amount of TOC 13 at BAY might be derived from the Florida Shelf. Boyer and Briceño (2010) reported that 14 levels of TOC at BACK are usually higher or similar to those at BAY, however, TOC 15 concentrations at BACK were significantly lower than those at BAY (p<0.01; 180±38 µM 16 vs 287±120 µM) for the current dataset. Such low levels of TOC at BACK observed in this 17 study were due to advection of hypersalinine waters from the SW Florida Shelf to this 18 region. TOC concentrations at INSHORE were significantly higher than those at REEF 19 (p<0.01; 116±32 µM vs 84±10 µM). Distributions of water quality parameters presented 20 above were generally in agreement with long-term data for the region (Boyer and Briceño, 21 2010), therefore validating this extensive sample set as a representative for this region. 
Distributional characteristics of DOM determined by EEM-PARAFAC 1
Based on the PARAFAC modeling of EEMs, a five-component model was validated 2 (Fig. 3) . Spectral characteristics of component 1 (C1; excitation/emission = <260, 305/412) 3 are similar with marine humic-like fluorophore (peak M; Coble et al., 1996) . In terrestrial 4 aquatic environments, this component is also known to be produced during microbial 5 degradation of organic matter and is often defined as microbial humic-like fluorophore 6 humic-like C1 might be allochthonous in origin for this study area. The highest 8 fluorescence intensity of the three humic-like components was evident at BAY and 9 gradually decreased westward toward TORT. At the Atlantic side, levels of three 10 humic-like components were relatively high along the Keys and decreased offshore. These 11 distributional patterns were similar to that of TOC, and TOC concentrations were 12 significantly correlated with the fluorescence intensities of the three humic-like components 13 
components. 17
Fluorescence intensities of protein-like components C3 and C5 (especially the latter), 18
were also similarly distributed with TOC ( Fig. 4c, At the Atlantic side, TOC concentrations were slightly but significantly higher at 14 INSHORE compared to REEF, as mentioned above (Fig. 2h) . There are several possible 15 sources that could explain these higher levels of TOC at INSHORE, including 16 anthropogenic sources, autochthonous production, and/or contribution of terrestrial runoff 17 (including mangroves). Relatively higher levels of inorganic nitrogen, especially NO x , at 18 INSHORE compared to REEF, indicative of anthropogenic nutrients (Boyer and Briceño, 19 2010), were evident (Fig. 2c, 2d ). Since the majority of homes in the Florida Keys have 20 only recently been converted from on-site septic systems to centralized sewers (Briceño and 21
Boyer, 2012), sewage may be an important nearshore source of DOM. It is well known that 22 protein-like fluorophores dominated in waters impacted by domestic sewage and farm 23 wastes (Baker, 2001 (Baker, , 2002 . However, in this study, clear spatial gradients of protein-like 1 components from INSHORE to REEF were not evident (Fig. 4c, 4e ), suggesting that 2 contribution of anthropogenic DOM and DOM production induced by anthropogenic 3 inorganic nitrogen are minor in this region or are not easily visualized due to interferences 4 from autochthonous protein-like fluorescence from seagrass and reef communities. The 5 relatively high levels of protein-like component fluorescence observed at REEF, MARQ, 6
and TORT, also imply that there are substantial contributions of autochthonous DOM in 7 these zones. 8
The distributional patterns of TOC and humic-like components were correlated based 9 on the observed concentration gradients from nearshore to offshore sites on the Atlantic 10 side of the Keys (Figs. 2h, 4a, 4b, 4d ). Fluorescence intensities of humic-like components 11 normalized to TOC were greater at INSHORE compared with REEF (p<0.01; 0.034±0.012 12 vs 0.016±0.007 for C1/TOC, 0.018±0.004 vs 0.009±0.004 for C2/TOC, 0.020±0.005 vs 13 0.012±0.004 for C3/TOC). Such differences in distributional patterns indicate that 14 terrestrial DOM rich in humic-like components from terrestrial runoff (including 15 mangroves) or groundwater inputs is transported from INSHORE to REEF even though 16 salinity did not differ considerably (Fig. 2a) . 
Statistical analysis of EEM-PARAFAC data 7
To further assess the spatial DOM distribution we applied principal component analysis 8 (PCA) using the relative abundance (%) of individual PARAFAC components from the 9 entire dataset. (Fig. 5) seems to imply some 2 degree of coupling between these parameters, and suggests that different spatial zones share 3 a similar source for the humic-like components. The humic-like composition does not seem 4 to change significantly during transport from the source to the Florida Keys. As mentioned 5 above, the distributional patterns of TOC and humic-like components (Fig. 2h, 4a, 4b, 4d ) 6 suggest that humic-like components are primarily derived from DOC exported from 7 mangrove and other vegetated habitats from land to the INSHORE and REEF zones. 8
It is also likely that major fractions of humic-like components at BAY and BACK (Fig.  9 4a, 4b, 4d) are derived from terrestrial sources. In fact, this has been suggested for DOM 10 The spatial distribution of PC1 scores, i.e., indicators of sources of FDOM, showed 20 clear spatial distribution (Fig. 6a) . The highest PC1 was found at BAY where TOC 21 concentration was highest, and the distributional patterns of PC1 were similar to those for 22 TOC. However, the PC1 scores were not linearly related to TOC for the whole region of the 23 Florida Keys (Fig. 7) . The PC1 values were fairly narrowly distributed for the BAY 1 although a large variability of TOC concentration was evident in that zone. The patterns 2 observed for BAY indicate that the FDOM composition (i.e., terrestrial character) did not 3 change noticeably with significant variations in TOC concentrations, implying that 4 terrestrially-derived DOM originates from one main source (in this case the Everglades) 5 while the loadings are highly variable. On the other hand, TOC concentrations and PC1 6 values were low and were within the narrow range at TORT, implying minor contribution 7 of terrestrial DOM at TORT. Decreases in PC1 values with decreases in TOC 8
concentrations were evident at BACK, MARQ, and INSHORE. Such relationships suggest 9 that distribution of DOM is basically controlled by mixing of higher levels of allochthonous 10 DOM and lower levels of autochthonous DOM at these zones. PC1 showed wide variability, 11
while TOC values were within the narrow range at REEF, suggesting significant variations 12 in DOM contributions between allochthonous and autochthonous sources occur in this zone, 13 even though variations in TOC concentration are relatively small. It is interesting to note 14 that relatively high values of PC1 expanded from INSHORE to REEF at middle Keys 15 region (Fig. 6a) , suggesting that terrestrial DOM found at BAY might be transported to the 16
INSHORE through cuts and channels connecting the northern and southern waters in the 17
Keys (see arrow (Fig. 2h) or even from those of humic-like 1 components (Fig. 4a, 4b, 4d) . Thus, combining EEM-PARAFAC and PCA might be a 2 suitable approach for monitoring the distribution of terrestrial DOM in coastal 3
environments. 4
With regards to PC2, this parameter only explained 19% of the variability in the dataset, 5 and may be significantly less valuable as an assessment proxy compared to PC1. PC2 6 values were near 0 for the three humic-like components which were clustered along a very 7 narrow range on the PC2 axis. In contrast, large difference in PC2 was observed for the 8 protein-like components, C3 and C5 respectively (Fig. 5) . If PC2 is indeed controlled by 9 the differences in the distribution of the protein-like components, PC2 might reflect 10 differences in autochthonous sources and/or diagenetic state of DOM. The distribution of 11 PC2 scores showed the spatial variations among zones (Fig. 6b) . At BAY and BACK, 12 where contribution of terrestrial DOM was greatest (Fig. 6a) , the PC2 scores were near 0. 13 Positive PC2 scores were found at MARQ and TORT, and negative PC2 scores were found 14 at the mid to upper part of REEF (Fig. 6b) . PC2 distributions indicate that the protein-like 15 C3 (tyrosine-like) and C5 (tryptophan-like) predominate at REEF and TORT/MARQ, 16 respectively. Interestingly, inorganic nutrients at MARQ and TORT were higher compared 17 to REEF (Fig. 2c, 2d, 2e) . Previous studies have reported on the dominance of 
Conclusion 13
In the present study, we hypothesized that EEM-PARAFAC can aid in the assessment 14 of multiple source contributions to the coastal DOM pool, and can be used as a monitoring 15 tool for terrestrial DOM at complex coastal environments where salinity cannot be used as 
